OBJECTIVE
A program to advise students at the University of Wisconsin concerning Computer Sciences courses has been written and experimentally used. The program is written in B5500 Algol and runs on the B5500 with remote teletypes.
The goal here was to write a program which would give students good advice on courses, using criteria as similar as possible to those normally used by a human adviser. It seemed that in certain areas the program would be able to surpass the average human, such as in thoroughness in investigating the student's background and in knowledge of the content of all the courses offered by the Computer Sciences Department. Certain other areas would not be amenable to computer handling, such as the use of grapevine information concerning courses and the recognizing of human personality traits which might influence the speed at which a student is to progress. In spite of these limitations, it was believed that a program could do a good job of advising in a very large number of cases, though to be safe the student would then want a human adviser to check over and supplement the program's output.
The progi'am has, in fact, demonstrated that it can do good advising. Results will be discussed in detail in a subsequent section of this paper.
Though many parts of the ADVISER program are specific to the particular department for which it was written, its general concepts and, in fact, large pieces of code could be used with only minor modifications for other academic departments. This will be discussed in another section.
THE PROGRAM

General description
The program is contained on about 3000 cards containing Algol statements. It is composed of about 20 major procedures and a number of minor ones. The 535 two main sections of the program involve (1)interviewing the student to determine his background and interests, and (2) weighting and sorting the courses and obtaining the student's reactions to suggested course lists.
Data
Data for the program, contained on about 2200 cards, is divided" into five files (accessed from disk): ADVISER/TOPICS, ADVISER/PREREQS, ADVIS-ER/CDESCS, ADVISER/TIMES, and ADVISER/ COURSES.
ADVISER/TOPICS (see Figure 1 ) contains a list of 304 topics which are in some measure covered by Computer Sciences courses. The list is reasonably comprehensive but not totally exhaustive. It also contains in some cases more than one item meaning basically the same thing, but this probably improves the quality of the advice more than it hurts it. The list is somewhat hierarchical, having as its main headings Each of these is divided into subheadings, and some of those are in turn divided. The program allows this arrangement to go 6 levels deep, but only 4 levels are utilized by the current set of topics. The list was compiled from the list of topics used in Computing Reviews, faculty suggestions, and general knowledge about the departmental courses.
ADVISER/PREREQS (see Figure 2 ) coaatains a list of all prerequisites for any departmental course which are not themselves departmental courses. This file is used for printout purposes when attempting to determine whether or not the student has satisfied the prerequisites for a particular course.
MATH 521-ADVANCED CALCULUS 1 MATH 51 I-SYMBOLIC LOGIC ONE YEAR OF COLLEGE MATH BEYOND CALCULUS ENGLISH 329-THE STRUCTURE OF ENGLISH GRADUATE STANDING MATH 233-CALCULUS AND ANALYTIC GEO-METRY 1ST SEMESTER OF THIS COURSE
Figure 2-A Section of the Prerequisite File ADVISER/CDESCS contains for each course a verbal description of the course. It may contain more than one description for the same course, the later one being more detailed and complete. The program uses this latter option to describe a course more thoroughly if the student should ask for a verbal description of the course more than once.
ADVISER/TIMES (see Figure 3 ) contains a list of all time periods during which courses are offered, having for each time period a number, an alphabetic description, and a list of all other time periods (by number) with which the one represented overlaps. This file is used for printout purposes and to insure that a suggested set of courses can be taken simultaneously without a time conflict. . When one number is followed by another, an "OR" is assumed to exist between them. The "AND"s are considered the main connectives. The entire construct if ORed with "CONSENT OF INSTRUCTOR." In the example above, the prerequisite is considered satisfied if the student has taken (or equivalently taken) course 14 or 15 or 16 and course 7, and has satisfied prerequisite 92 (which might represent, for example, Math 223 -Calculus and Analytic Geometry). It is also considered satisfied if the student has obtained the consent of the instructor to take the course. A maximum of 12 elements (numbers and "AND"s) may be used to describe the prerequisites of a course.
The file ADVISER/COURSES also contains a l-character designator to indicate the general type of course as follows:
I-Introductory course A--Area A course (Numerical analysis) B-Area B course (Systems programming and the theory of computing) C-Area C course (Artificial intelligence and related subjects)
The number of credits which the course consists of is also contained, as are the date of last change on the data for the course, a list of times (by number) at which the course is to be offered (using -1 if course is not being offered and -2 if course is being offered but time has not yet been announced), the most current instructor for the course, a list of other departments in which the course can be taken for credit, and a flag to indicate whether or not the course involves quiz sections. Finally, ADVISER/COURSES contains a digital description of the content of each course. Each course description contains two digits for each topic, one to indicate the amount of coverage of the topic by the course, the other to indicate the level of coverage of the topic by the course. The digits and their heuristically-chosen meanings are as follows: Amount Level '0 -no coverage 0 -none 1 -a little 1 -elementary 2 -a fair amount 2 -intermediate 3 -a great deal 3 -advanced These two aspects (amount and level) and their meanings are by no means well-defined, but they have served well to date. The digital course descriptions are obtained by passing out a form for each course to the instructor who is to teach it. The form contains all 304 topics, with two blanks by each (one for amount, one for level). The instructor is asked to fill in both blanks for each topic covered and to simply skip over any topics not covered. This is facilitated by arranging the topics on the form in hierarchical fashion, so that for any topic which is not covered, the instructor can skip all of its subtopics easily. It seems to take about 10 to 15 minutes to fill out this form, provided the instructor has already decided what he basically intends to cover.
Two other files declared in the program have not been used as yet. One contains records concerning all students advised; the other contains verbal descriptions of the topics. In a fully-operational system, it might be desirable to use these, though it would by no means be necessary.
Collection of the initial set of data for the system was not easy. But the updating of this data from one semester to the next appears to take only 4 to 8 hours of actual effort, plus some time spent waiting for forms to be returned.
Description of the program
The interview The first major item on the advising agenda is the basic interview. The more important portions of the interview are shown flowcharted in Figure 5 . And Figure 6 shows how the program begins. First the student is asked a number of basic items of information: name, student number, age, sex, year in school, degree sought, expected date of graduation, CEEB or GRE scores, and the number of courses he is interested in taking. He is also asked to indicate how he stands with regard to each course in the departmental list of courses (see Figure 7) (for Information) if he needs more information about the course before answering (this will cause a verbal description to be printed out from ADVISER/CDESCS), or T (Taking or Transfer) if he expects to have completed the course before the semester for which he is seeking advice or if he has obtained transfer credit for the course. He is also asked to use E instead of T if he is to become a graduate student as of the beginning of the semester for which he is seeking advice. Problems in wording arose in this section of the interview because of the fact that a student may be using the program a few months before the beginning of the semester for which he is seeking advice or as late as a month or so into the semester itself.
The entire list of topics is then cycled through as the program asks the student about his knowledge and interest in each topic. The program then attempts to guess whether or not the student has equivalently taken any courses to which he has responded with a U (Unsure The higher a course's ACHCTKN is, the more the student knows about the matter covered. Then the average ACHCTKN for all courses taken or equivalently taken or being taken is computed, as is the average ACHCTKN for all courses not taken. The average of these two numbers is then used as a threshold. For each course to which the student responded with a U, the ADVISER will compare its ACHCTKN to this latter average. If ACHCTKN is larger, the program will say, "I think you know enough of the material in (course designation and title) such that it will probably not benefit you very much to take it. Does this seem reasonable?" It will give the course an E if the student responds YES; otherwise it will give it an N. (YES and NO are the only responses accepted to this particular question.) Corresponding action is taken if ACHCTKN is smaller (see Figure 8 ).
very brief fashion, basically with very little output from the program (see Figure 12 ). Use of this option does, however, require some pre-preparation of answers by the student. At the end of the basic interview, the prograrrr prints out, if the student wants it, an exact copy of what the input and output would look like using the shortcut so that he can use the program more quickly should he run it again with the same or very similar data. Whenever a question is asked of the student, there are only certain answers which are considered sensible by the program, though there are sometimes in reality other sensible answers. Whenever it is not clear what answers are allowed, the program will indicate this to the student. A non-sensible answer will cause the message, "I did not understand your response. Please retype it." to be output. If this happens 10 times in a row, the program quits with an error message. There are a number of cases where the program forces the student to answer YES or NO, though there are other conceivable sensible answers.
Weighting and reweighting
At the end of the basic interview, the weighting of courses begins. This is done on an empirical basis; the basic method used in setting this up was to choose a weight which seemed reasonable for a certain situation, try it, and revise it if it didn't work well. The com- The interviewing sections of the program concerned with the course information and with the knowledge and interest digits do, indeed, take a great deal of the student's time (though they probably would not on a display scope, as will be discussed later). Therefore, the student is provided with a shortcut option which allows him to input all this information in a bination of weights computed for all courses (involving student knowledge and interests and course coverage, as shown below) was chosen empirically, as were the numerous constants involved in the weighting. The quantities used are thus the result of a gradual improvement process, accomplished through observing and trying to improve upon the performance of the program.
All courses are initially given a weight of 0. At the beginning of the weighting section of the program, all courses which have been taken or equivalently taken get 500 subtracted from their weight; if the student is not a graduate student, all graduate-level courses get 750 subtracted from their weight; if the student is a Computer Sciences major, certain courses not intended for majors get 438 subtracted from their weight; any Figure 10 -Analysis of Master's Requirements courses not currently being offered get 1000 subtracted from their weight. The weights given above serve to eliminate courses from consideration. They were made different so that the causes of their assignment could be determined during the testing of the program.
CONC~FaWING RE.~UIRF2~,~-'NTS F O R T~-IE M A S T E R S D E G R E E : I • DO Y O U E X P E C T TO H A V E ANY D I F F I C U L T I E S WITH T H E RESID~'WCE REQUIRFJVIE~IT~ (TWO S E M E S T E R S ) ( U S U A L L Y WHELN T H E C O U R S E R E Q U I R F M E N T S A R E S A T I S F I E D , T H E R E S I D E N C E REQUIRPLMF/qTS
Y O U S T I L L N E E D 15 C R E D I T S A T OR A B O V E L E V E L 400, I N C L U D I N G 3 C R E D I T S A T 0R A B O V E T H E 700 L E V E L . 0 R Y O U S T I L L N E E D 12 C R E D I T S A T O R A B O V E L E V E L 400, I N C L U D I N G 6 C R E D I T S A T 0R A B O V E T H E 700 L E V E L . O R Y O U
S T I L L N E E D 9 C R E D I T S A T 0R A B O V E T H E 700 L E V E L . Y O U S T I L L N E E D 3 C R E D I T S IN A R E A Ce H A V E Y O U T A K E N A N D P A S S E D T H E M A S T E R S E X A M ( O R DO Y O U E X P E C T TO H A V E T A K E N A N D P A S S E D IT BY T H E B E G I N N I N G O F T H E S E M E S T E R F O R W H I C H Y O U A R E S E E K I N G A D V I C E ) ( P L E A S E A N S W E R Y E S OR N O ) ? N 0 -T H I S REQUIRF/MENT M U S T , O F C O U R S E , B E S A T I S F I E D B E F O R E Y O U R E C E I V E Y O U R D E G R E E .
HAVE YOU TAKEN THE MASTERS EXAM BEFORE AND F A I L E D I T ? NO
Then the following is added to the weight of each course: topics Amount of {Level of xKnowl-~ Interest ×coverage ×k coverage -' 7 5 edge / / Amount of B coverage topics multiplied by a constant (10). (The .75 is present because knowledge is on a scale from 0 to 4 but level can only go up to 3.) The courses are then sorted; and then the top n are printed out, where n represents the number of courses the student expects to take. This set of courses is then examined to see if there are any problems with it. First the set is examined to see if the courses in it can be taken simultaneously. If they cannot, then a constant (10) is subtracted from a lower-weighted course involved in a conflict. If the courses can be taken without a conflict, then one of the acceptable sets of times, together with the instructors' names will be printed out.
The next thing which the program considers is whether or not the prerequisites of all the courses in the list have been satisfied. For any course for which the prerequisites have not been satisfied, the program will ask the student whether he has obtained the consent of the instructor to take the course. If the answer is YES then the prerequisites will be presumed to be satisfied. If it is NO then the course gets a constant (15), multiplied by the number of courses the student has failed plus 1, subtracted from its weight. The prerequisites which are not satisfied, if they are courses, get the same value, except that the constant is 5 instead of 15, added to their weight. YES" The set of courses is also examined to determine whether or not any two courses are too similar. For each pair of courses in the set, an average difference between the amount of coverage of each topic for the two courses is computed. If the difference is less than 1, the courses are assumed to be very similar, if between 1 and 2 then fairly similar. This similarity is assumed to be a fault in the set of courses if the student is going for a Bachelor's degree and 2 courses are fairly similar or if he is going for a Master's and the courses are very Similar. Otherwise, the similarity is assumed to cause no difficulties. In any case, though, the student is asked whether he agrees with the evaluation by either "I imagine that you would not want to take both of these similar courses during the same semester. Do you agree?" or "Though these two courses are similar, I imagine that you would not be opposed on these grounds to taking them both. Is this correct?" The student is thus allowed to disagree with the program and change its evaluation. Whenever the final result of this entire evaluation is that two courses should not be taken together, the lower-weighted of the two courses has its weight decreased by a constant (4). Next there is a check to determine how much the suggested course list contributes to the student's degree requirements. This procedure is skipped if the student is not working toward a degree or if his degree will be in another department and he is not working toward a Computer Sciences Ph.D. minor. The particulars of this routine are probably not of general interest; so we will discuss only the general principles implemented. If the suggested course list completes the course requirements for the degree sought, then the student is informed of this and the list is assumed to have no deficiencies in this regard. If the set of courses does not complete the degree requirements but all courses in the set contribute to them, the list is again assumed to be all right as regards degree requirements. If the list does not complete the requirements and there are courses in the list which do not contribute, these courses are decreased in weight by a constant (4), multiplied by (the number of courses left to take before requirements are satisfied/the number of courses which it appears can be taken in the time left before the expected date of degree reception) for the Bachelor's or Master's. Only the constant is used in the case of the minor. If the Ph.D. student has not yet taken and passed his screening exam, he is asked whether the suggested course list will help him in his preparation for it. If he answers NO then the program decreases the weight of the top-weighted course by a constant (4). If he has passed his screening exam, then any courses within the department which can contribute to his minor requirements are increased in weight by a constant (4), multiplied by (the number of courses left to be taken before minor requirements are satisfied/ the number of courses which can be taken in the time remaining before the expected date of degree reception). Also if the screening exam has been passed, all courses with positive weight which are concerned with the student's major area (A, B, or C) are increased by a constant (4), multiplied by .5 if Ph.D. qualifiers have been taken and 1 otherwise. Courses concerned with the student's minor area within the department are increased by a constant (4), multiplied by .25 if prelims have been passed and .65 otherwise.
The set of courses as a whole is given a ranking, according to the number and types of difficulties found, as superior, good, fair, poor, very poor, or unacceptable. The student is asked if he agrees with this evaluation (see Figures 13, 14, and 15) . If he says YES, then the program asks him whether he would rather have it try another list or present a list himself for consideration or stop. If the program is to try another list, it will sort the courses again by weight, look at the new set of top courses, and determine whether this particular set has already been investigated. If it has, the program will reapply all the weights added or subtracted during the last analysis and sort again. If it has done this five times without finding a new set of courses, it will take the highest weighted course not yet fully considered and force it to the top of the list. If it can't find any of these it will ask the student for a list. If it ever turns out that one of the top courses has a negative weight (indicating that it has been eliminated from consideration for some reason), the number of courses to be considered as a set is reduced by one if the student agrees; if there is only one course in the set, the searching for course lists ceases. Whenever the program finds an acceptablelooking new candidate for a course list, it loops back to investigate it for conflicts, similarity, etc., as described above.
If the student indicates that he wishes to present a list of courses for consideration, then an array showing as many of the top-weighted courses as he wants and where they got their weights is printed out. At this point, he is allowed to change the number of courses in the list, if he wishes. He then gives the designations of the courses which he wants considered. If he names a course which has been eliminated, he is told why it was.
If the student disagrees with the evaluation of a set of courses, he is again shown as many of the topweighted courses and their weights as he wishes. He can tell the program to rate the set of courses as a whole higher or lower. He can also cause courses which he thinks are rated too high to lose weight and courses not included to be placed at the top of the list.
When the program is finished searching for good course lists, either because the student has told it to stop or because it can proceed no further, it then prints out the best five sets of courses encountered, together with any attendant difficulties, in a summary report for the student. Information about current progress toward the student's degree is also included here.
ANALYSIS OF RESULTS
Eleven students were advised by the program in January, 1968. Of these, 2 were working toward the Bachelor's degree in Computer Sciences, 5 toward the Master's, 2 toward the Ph.D., l toward the Ph.D. Minor in Computer Sciences, and 1 toward no degree. the eleven students and the broad backgrounds represented by them, we feel that the fact that we did run only I I trials does not seriously detract from the significance of our results. The length of the basic interview was indeed a problem, as is indicated in the answers to Question 5. Of those who used the shortcut method of inputting topic knowledge and course info(mati0n: three said the program took too long, and two said it did not. The basic interview without using shortcuts took about 1 1/2 hours; with shortcuts it took about 45 minutes. After the basic interview, the student could decide to stop the program at any time. These time considerations are somewhat complicated by the following two facts. (1) Response time was very heavily dependent upon the number and types of jobs currently being handled by the system. (2) The system itself is still experimental and has a tendency to crash. The program can partially recover from these crashes, but there is still a loss of approximately 15 minutes of real time per crash to the teletype user.
In a production-oriented student advising system, the use of display scopes rather than teletypes might completely solve the time difficulty, since most of the waste results from the fact that the student can read the messages far faster than the teletype can type them. Interviewing techniques would change somewhat with the use of scopes, for the student could no longer look back at something previously typed. But it appears that any difficulties of this sort would be completely outweighed by the saving of real time.
One basic fact seems to stand out when analyzing the answers to Questions 1 through 4: Students farther down the road to the Ph.D. were less satisfied, less impressed, and enjoyed the program less than those near the other end of the continuum. Of the two ~*tudents wtlo di~i not-enjoy usi-ng the program, one was a Ph.D. candidate and one a Master's candidate. Of the three students who thought the program inferior to the average human adviser, two were Master's candidates and one was a Ph,D. candidate. Of the three students who thought the program better than the average human adviser, two were Bachelor's candidates and one was not working toward a degree. Nevertheless, only one student was generally dissatisfied. Changes were made in the program to correct the problems he encountered. (Three or four of the eleven students ran the program before these changes.) The fact that all eleven students said they would continue to use the program is an indication that our experiment was a success, in spite of the numerous problems encountered. The actual value of the advice given is very difficult to measure.
One area in which the program was particularly successful was in stating degree requirements at the Bachelor's and Master's levels and telling the student precisely what he had left to do in order to satisfy them. On the other hand, the program was noticeably lacking in the ability to dispense grapevine information.
GENERALIZABILITY AND COST
The advising program can be run without change each semester. Only the data concerning courses, etc., which is contained on disk, need be changed. An exception to this would occur if the departmental degree requirements changed-in which case pertinent parts of the program would have to be changed accordingly.
Other departments could use the advising program for their students merely by setting up their own course descriptions, prerequisites, etc., except that the program segments dealing with degree requirements would have to be rewritten for the new department (or they could simply be deleted, which would result in some decrease in the quality of the advising).
The economic factor is very difficult to analyze. Runs of the advising program appear to have cost between $10 and $20 of computer time each. This cost is a function of the number of courses, the background of the student, the length of time he keeps the program going, the speed of the machine, the charges per hour, and a number of other factors. And it is very difficult to even guess what effect the use of display scopes instead of teletypes would have on the economic factor.
